We give a brief summary of common basic characteristics of active phases during the whole observed symbiotic life of CH Cygni. We identify two types of outbursts: (1) those with pronounced signatures of a high-velocity mass outflow, and (2) those displaying signatures of only a mass inflow to the central star. On the basis of the observed Hα emission, we investigate mass loss from the active star during the period from when radio jets appeared (1984.6) to the most recent activity (1998)(1999)(2000). A simple expression, which relates the observed Hα luminosity to the mass-loss rate, is derived. We obtained mass-loss rates oḟ M = 4.4 ± 1.5, ≈2.0 and 1.8 ± 0.7 × 10 −6 M yr −1 in 1984 October, 1992 August and 1998 September, respectively. Our values are in very good agreement with radio mass-loss rates determined previously. Mass loss from CH Cygni is a transient effect connected only with active phases of type (1), and is very variable. The ejected material, which is accelerated to the same v ∞ at a distance of ≈ 100 R , is heavily decelerated at much larger distances (≈1000 au). The most recent ejecta reflect a larger deceleration.
I N T RO D U C T I O N
CH Cygni is a particularly intriguing symbiotic star. It is very bright, with V between about 6 and 9 mag, and well placed in the northern hemisphere (δ ∼ +50
• ), which makes it a perfect target for multifrequency ground-based observations. Despite this advantage, the nature of its activity, and even its fundamental parameters, are poorly known. The following are significant dates, which moved ahead our understanding of the CH Cygni phenomenon:
In 1979, after 16 yr of intensive observations from the beginning of activity, Yamashita & Maehara (1979) succeeded in searching for a reliable periodicity in radial velocities in the red spectrum. They suggested the binary model for CH Cyg, consisting of a red giant and a white dwarf with an orbital period of 5700 d. In the 1980s the elements of the binary model were improved (e.g. Mikolajewski, Mikolajewska & Tomov 1987) and confirmed by the radial velocVisiting Astronomer: Astrophysics Research Institute, Liverpool; Astronomical Institute, Bamberg, Germany. † E-mail: skopal@ta3.sk ity curve for the active component (e.g. Hack et al. 1986; Skopal, Mikolajewski & Biernikowicz 1989) . A new avenue in the investigation of CH Cyg was set by Hinkle et al. (1993) who suggested a triple-star model on the basis of precise radial velocity measurements in the infrared spectrum. The triple-star model was confirmed and modified by identifying eclipses in the system (Skopal 1995; Skopal et al. 1996a; Iijima 1998) . Further confirmation was provided by Skopal et al. (1998b) , who measured radial velocities of the active star from high-resolution IUE spectra corresponding to its orbital motion in the suggested short-period inner binary. Finally, the distance to CH Cygni was determined on the basis of Hipparcos measurements as 270 ± 66 pc (Viotti et al. 1997) . Based on these studies, we investigate CH Cygni as a triple-star system consisting of the inner, 756-d period, symbiotic binary, which is moving in a common orbit with another red giant with a 5300-d period orbit.
In this paper we give a concise summary of basic characteristics, which are common to all active phases. In Section 2 we identify two types of outbursts with respect to mass outflow and/or infall from/to the central object. In Section 3 we introduce a simple Hα method to investigate mass-loss rate during active stages, and in Section 4 we discuss the derived and observed properties of the mass outflow.
O B S E RVAT I O N S
Summarizing variations in (mainly) hydrogen line profiles in the spectrum of CH Cygni during its whole period of symbiotic life (from 1964 to date), we can recognize two types of active phases.
(1) Those with pronounced signatures of the high-velocity mass outflows, such as P-Cygni type profiles and very extended emission wings. The basic kinematics of the circumstellar matter reflected motions from the active star.
(2) Others displaying pronounced inverse P-Cygni type of line profiles indicating a mass infall to the central star. The basic kinematics of the circumstellar matter corresponded to an accretion process.
Phases of activity, 1967-1970, 1992-1995 and 1998-2000, be- long to the first type. In spite of very heterogenous data (in quality, coverage and presentation), all these relatively short-term active episodes exhibited strong absorptions of the P-Cygni type and/or very extended emission wings in hydrogen Balmer lines. It is probable that it was also the case in the first detected appearance of CH Cyg activity in [1963] [1964] [1965] . However, there was only one report made by Deutsch (1964) saying that in 1963 September CH Cyg showed a composite spectrum with strong and wide emissions of H I. For the 1967-1970 activity it was shown best by Doan (1970) , who presented a strong blueward absorption in Hβ during 1967-1969 (see his fig. 4 ). Also features seen redward from the reference line on Doan's spectra suggest some similarities with those observed during recent phases of activity. The authors during that time presented only parts of the line profiles displaced by about ±10Å around the reference line, which does not allow one to evaluate the extension of the emission wings. The 1992-1995 activity started with the appearance of P-Cygni type of hydrogen profiles (Skopal, Hric & Komžík 1992) and an extension of the emission in the line wings to about ±2000 km s −1 was reported by other authors (e.g. Tomov et al. 1996; Skopal et al. 1996b) . Similar features were observed also in the recent, 1998-2000, active phase (Eyres et al. 2002, this paper) .
In contrast, during the main active phase, 1977-1984.6 , (with respect to the star's brightness and its duration), no signatures of comparable mass outflow were indicated. Only at the very beginning of the outburst, in 1977 September, a faint absorption at ≈ −300 km s −1 in Hγ could be seen (Hack et al. 1988) , and Anderson, Oliversen & Nordsieck (1980) detected an emission blob in Hα at ≈ −150 km s −1 on 1979 May. From the summer of 1981, pronounced inverse P-Cygni profiles developed and dominated the basic characteristics of the line spectrum until 1984 July (e.g. Hack et al. 1988 ). We take this as evidence of mass infall to the central star. Representative examples are plotted in Figs 1 and 2. Therefore this period of activity belongs to type (2). The following decline from activity, 1984.6 to ∼1988, was characterized by significant expansion of hydrogen emission wings to ∼ ±3000 km s −1 (Mikolajewski & Tomov 1986 , Figs 1 and 3 in this paper), and thus is consistent with the type (1) active phase. A common property of all active stages was a rapid variability of spectrophotometric parameters (Faraggiana & Hack 1971; Skopal et al. 1989; Tomov et al. 1996; Eyres et al. 2002) .
In Figs 1 and 2 we selected some examples of this evolution. The wavelengths were converted to velocity units relative to λλ6562. 82, 4861.33, 4340.47, 4101.74 and 3889 .05Å respectively for Hα, Hβ, Hγ , Hδ and H 8 . Flux calibration of the spectra is described in Appendix A. Other details of observational material used in this contribution are introduced in Table 1 and references therein.
A NA LY S I S O F H Y D RO G E N L I N E P RO F I L E S
In this section we analyse the high-velocity mass-outflow characteristic of type (1) active phases. Fig. 3 shows the bottom parts of hydrogen line profiles typical for the period after 1984.6. They were observed during three individual episodes of activity : 1984.6-1986, 1992-1995 and 1998-2000 . The emission wings extending to 2500-3500 km s −1 represent a common feature of H I line profiles in this period. They are seen best in Hα, but can be recognized also in Hβ, Hγ and Hδ (Fig. 3) . No such features were observed during the maximum of activity, 1977 -1984 .6. During the 1992 -1995 episodes, rapid variation at both sides of the reference line was observed on a time-scale of days to months. When comparing different profiles, one can recognize that there are (strong) blue-and redward-shifted absorptions, causing the variability near to the central emission, which, as a result, become temporarily very narrow. After a few days/months, the absorption features disappear, and the original broad emission profiles return (Eyres et al. 2002, Fig. 3 ). Many other details of this behaviour have already been described by other authors (e.g. Tomov et al. 1996) . Fig. 3 suggests that the H I profiles are composed of a few main components. To extract them, we fitted the observed profile with one to four Gaussian functions, according to its complexity. For this purpose we used our own code GAUS, which is based on the simplex method. Parameters of individual components are summarized in Table 2 and the results drawn in Figs 2 and 3. We use these data to determine fluxes of the extended emission components (in Table 2 and Fig. 3 denoted as 'wind component') and their terminal velocities (Table 3) . However, during 1992 and also 1984, mainly around the Hα region, the influence of the late-type spectrum on the line profiles makes it difficult to determine the line fluxes accurately (Appendix B). In 1992 features of the giant spectrum were rather pronounced, the continuum from the active star was faint and the red wings of the profiles were affected by an absorption (cf. Fig. 3 ). We therefore had to mirror the blue parts of the 'wind' profiles to match them by a Gauss function. As a result obtained fluxes are only approximate in 1992. Further, the influence of the M spectrum on the Hα line on 4/10/84 is shown in Fig. B3 (Appendix B). Here the Gaussian fit defines well the broad 'wind' component of the profile, but the difficulty in calibrating the late-type spectrum accurately enlarges the uncertainty of its flux by about 20 per cent.
In the following section, based on the observed luminosity in the Hα line, we will try to estimate the mass-loss rate from the active star in CH Cygni.
Mass loss during 1984.6-2000 active phases
In the recombination process, the transition from the third to the second level of hydrogen has a high probability of producing the Hα line in emission. In the case of an ionized stellar wind, the Hα profile contains information on its emissivity and velocity distribution. Thus, having a theoretical Hα luminosity and some knowledge of the velocity field of the outflow, one can derive the mass-loss rate, M, from the measured strength of the Hα emission. Hα, as a tracer of mass loss from hot stars, has been used by many authors (e.g. Klein & Castor 1978; Leitherer 1988; Lamers & Cassinelli 1999) . However, the method has never been used in investigations of symbiotic binaries, although emission in Hα was well detected. An approximative approach to estimateṀ for EG And and AG Peg was used only by Vogel (1993) and Vogel & Nussbaumer (1994) . In both cases the authors used emission from the He II 1640-Å line, assuming it to be optically thin in a constant velocity wind (v = v ∞ ). A drastic change happened after 1984.6, when the jets in the radio domain were observed. The line profiles displayed a high-velocity outflow. In the optical, absorptions were close to the line centres, while in the ultraviolet P-Cygni profiles were found (see Skopal et al. 1998b , for more details). (iii) The 1992-95 activity. In this period, in addition to the very broad emission wings of hydrogen lines, a complex and variable absorption/emission structure was often observed mainly on the blue side of the line centre. (iv) The 1998-2000 activity. This period was characterized by a similar behaviour as the previous one, but double-peaked hydrogen profiles were often observed (see Eyres et al. 2002 , for more details). The remnants of the mass loss during activity after 1984.6 have unambiguously been detected by the radio VLA imaging (Crocker et al. 2001) . Figure 2 . During the maximum of activity a redward shifted absorption was often very pronounced, mainly in the profiles of the higher members of Balmer lines (left and mid panels). Observed radial velocities, running from ∼ 0 to ∼ +200 km s −1 , indicated a mass infall to the central star. The space velocity of the system, −58 km s −1 , even combined with that of the orbital motion, ∼ +15 km s −1 in 1981 August (cf. fig. 2 of Skopal et al. 1989) , enlarges the relative infall velocity. During the whole period of maximum brightness (1977 May-1984 , the very extended emission wings had not been observed prior to 1984.6 (right panel).
In spite of differences between an interacting binary and a single hot star, we suggest an application, in which the fundamental assumptions of the use of the Hα method can be applied also in our case.
Hα luminosity of the stellar wind
In our simplified approach we will assume that the wind is (i) spherically symmetric with a steady mass-loss rateṀ, (ii) fully ionized and completely optically thin in Hα and (iii) isothermal at the same temperature as the stellar (pseudo)photosphere. Validity of assumption (ii) is supported by the large velocity gradient in the stellar wind, because of its large terminal velocity (v ∞ v th , where v th is the thermal velocity). If a line photon, created by recombination in such a wind, has travelled a distance l > 2v th /(dv/dl), where (dv/dl) is the velocity gradient of the wind along the path of the photon, it is Doppler shifted with respect to the surrounding gas by more than 2v th and thus cannot be absorbed any more in the same line transition. In such conditions the escape probability of the emitted photons will be close to 1. Then the total line luminosity, L(Hα), is related to the line emissivity of the wind, ε α n e n + , by
where d is the distance to the system, F(Hα) represents the observed flux in Hα (erg cm −2 s −1 ), ε α = 3.56 × 10 −25 erg cm 3 s −1 is the volume emission coefficient in Hα (Case B: Gurzadyan 1997) . In our approach we neglect a variation of the recombination coefficient throughout the wind due to the variation of electron temperature and, in addition, assume the simplest case of T e = 10 4 K [assumption (iii) above]. Therefore we took ε α outside of the integral in equation (1). Finally, n e and n + are number densities of electrons and ions (protons), and the factor w(r) is the fraction of the solid angle that is covered by the photosphere. The value of w(r) is given by
where r min is a distance from the stellar centre where the optical depth in the line becomes small (<1, i.e. the integration can start at this point). Usually this is considered to be equal to the stellar radius, R . In our case, r min > R , because of the presence of very strong central absorption component in the observed profile (here Figs 1 , 2, 3, Table 2 ), which follows the orbital motion of the active star in CH Cyg (Skopal et al. 1989 ). This reflects the presence of an optically thick layer above the stellar radius (represented here by a pseudophotosphere of a few solar radii which develops during active phases), within which equation (1) is not valid. Below we show that w represents a small correction factor, if the volume integration is carried out to large distances from the centre. For a completely ionized medium, (n e n + ), the particle density n(r) in the wind can be expressed in terms of the mass loss rate and the velocity law via the mass continuity equation as
where µ is the mean molecular weight, m H is the mass of the hydrogen atom and v(r ) is the velocity distribution in the hot star wind that we approximate according to the Castor, Abbott & Klein (1975) model by
in which v ∞ is the terminal velocity of the wind, the distance r is counted from the centre of the star (note that actual integration starts at r = r min ) and R (∼R ) is the origin of the stellar wind. The parameter β characterizes an acceleration of the wind. A larger β corresponds to a slower transition to v ∞ . Substitution of equations (2) and (3) into equation (1) and using dimensionless parameters x = R /r and f = R /r min (i.e. r min /r = x/ f ) yields an expression for the Hα luminosity
where
For the case, in which we neglect effects of occultation of the wind material by the stellar disc [i.e. w(r) = 0], equation (6) simplifies to The wings were extended to about ±3000 km s −1 . In addition, absorptions on both sides of the line profile at ±(400-600) km s −1 appeared (marked by arrows). Right column: 1998 -the recent, 1998-2000, activity. Basic signatures of the profiles were similar to those during the 1992-95 activity, but the emission extending to about ±3000 km s −1 was sometimes located symmetrically with respect to the reference line (Eyres et al. 2002) . Solid thick lines represent the resulting fit of the observed profile by Gaussian functions (parameters in Table 2 ). Broken lines are the broad components of the profile (if more than one Gauss function was used) and denoted in panels as 'wind components'.
solution of which can be expressed in an analytical form
This integral can also be useful to estimate the emission measure, n + n e dV , of a fully ionized spherically symmetric wind produced by the central star (see equation 13 of Skopal 2001). In Fig. 4 we compare both integrals for f = R /r min = 5/8. In the interval of β = 0 to 3, I w is lower by a factor of ∼20 per cent than I 0 . Thus, one can take advantage of the simplicity of equation (8) to derive a rough estimate. From the figure it is also obvious that the luminosity L(Hα) will critically depend on the parameter β in the wind law. For example, variation of β between 1 and 2 correspondingly scales the luminosity by a factor of 3.3. Therefore, in the following section, we try to estimate the β parameter by comparing a synthetic-line profile to the observed one. References: (1) Skopal (1986) , (2) 
Simple Hα profile of the stellar wind
We assume that the broad components of the hydrogen line profiles (Fig. 3 , Table 2 ) form in an optically thin and spherically symmetric stellar wind. In our model the global line profile is assembled by summing the independent Doppler-shifted contributions from each volume element of the expanding material around the central star. The profile thus represents a 'broadening function' resulting from a field of contributions which differ in emissivity and radial velocity and can be compared to only high-velocity features in the profile. The central emission core with a narrow absorption cannot be matched by our approach. Integration starts from a shell at r min above the pseudophotosphere, R . Each geometrically and optically thin shell around the star at distance between r and r with expansion velocity v(r ) (equation 4) produces a flat emission extending from −v(r ) to +v(r )(1 − cos θ min ) (Fig. 5) . Due to very large terminal velocities (∼3000 km s −1 ) we neglect the intrinsic broadening by thermal motions. Integration of each shell begins from the direction to the observer (θ = 0) to the angle θ = π − θ min (sin θ min = r min /r ), beyond which the wind material is occulted by a dense region below the r min radius (see Fig. 5 ). Volume elements of the same radial velocity, RV = v(r ) cos θ , are represented by annuli around the line of sight, and can be expressed as V = 2πr 2 r θ sin θ. They contribute the amount of emission L(r, θ) = ε α n(r ) 2 V (cf. equation 1). Using equations (3) and (4), we can write this as
where the scaling factor
Integrating all the observable contributions, the calculated luminosity of the line is
and redistributing these contributions according to their radial velocities we obtained the resulting profile (Fig. 6) . The input parameters, R , r min and v ∞ , have to be inferred from observations, while the resulting parameters, ξ and β, are given by an appropriate fit to the observed profile. (Fig. 3) . : Approximate value.
Application to the active star in CH Cygni
The radius of the star. The temperature and luminosity of the hot component during active phases yield an estimate of the effective radius between about 2.5 and 8 R (Skopal et al. 1998a ). An independent estimate of the hot pseudophotosphere, derived from the geometry of the 1994 eclipse of the active star by its giant companion, provides the value of 4.5 ± 1.6 R (Skopal 1997) . For the purposes of this paper, we adopt the radius of the active star photosphere in CH Cygni, R = 5 R . 4/10/84 2.25 3 500 ± 500 1.4 ± 0.2 1.5 ± 0.3 4 .4 ± 1.5 11/8/92 2.11 2 500 ± 500 ∼1.4 ∼1.5 ∼2.0 5/9/98 2.34 3 000 ± 300 1.9 ± 0.2 4.0 ± 1.0 1 .8 ± 0.7
For the observed fluxes in Table 2 and the distance of 270 pc. (6) and (7) for f = R /r min = 5/8. The inner radius. The minimum radius, r min , corresponds to a certain height above the photosphere, at which the optical depth τ (Hα)
1 -a fundamental assumption in our approach. According to Leitherer (1988) , forṀ ≈ 10 −6 M yr −1 , R = 5 R and v(r = 1.5R ), τ (Hα) is a few × 0.01 for a temperature of the underlying photosphere of 10 4 K (we note, however, that it is very difficult to estimate an accurate value of T eff for the active object in CH Cygni; see Skopal et al. 1998a ).
The outer radius. As the integral (11) converges with increasing distance from the central source, we end the integration at a shell at which the wind contributions are negligible. In our case we found such a finite limit to be about 200 R (Appendix C).
As the resulting profile depends critically on the r min radius, that is not possible to determine firmly, we varied r min in the range of 7-9 R searching for an appropriate value of β, which produced a profile comparable with the observed one (judged by eye). Performing many trials, we found r min = 8 R to match the profile in the 5/9/98 spectrogram and r min = 9 R for the profiles in the 1984 and 1992 spectra, with corresponding values of the β parameter β 1984/92 = 1.4 ± 0.2
The uncertainty results from the range of considered values of r min . Finally, scaling the calculated profile to the maximum of the observed 'wind' component(s) we also obtained the factor ξ . In Fig. 6 we compare resulting calculated profiles to observations. Variation in the line profile with β is shown in the mid-top panel of Fig. 6 . In spite of strong simplification of our approach (e.g. no effects of radiative transfer in the line were included) one can see that the modelled profiles match basic features of the observed wind components. (i) The very extended bases of the profiles, which are due to contributions from far distances from the star, where v(r ) ∼ v ∞ and the wind density is low.
(ii) The asymmetry of the profiles with respect to the reference wavelength. The maxima are blueward shifted. This effect results from the fact that a fraction of the radiation produced by the wind is occulted by the star and the optically thick inner regions r min . According to parameters L(Hα), v ∞ , determined from observations, and parameters β, I w derived from modelling the line profiles, with the aid of equation (5), we determined the mass-loss rate from the active staṙ
The results are summarized in Table 3 . Uncertainties in theṀ values were determined from those of L(Hα), v ∞ and I w (converted from β). Special attention was payed to estimate the uncertainty in the Hα fluxes. Including the uncertainty given by our calibration method of the spectra (∼20 per cent) and that caused by the contribution of the late-type spectrum to the Hα emission (∼20 per cent), we estimated the total uncertainty of the Hα fluxes to about 40 per cent (Appendix B). As the mass loss rate is proportional toṀ ∝ √ L(Hα) (equation 5), the larger uncertainty in fluxes increases that ofṀ with only square root.
In principle, the mass-loss rate could be also estimated from fitting the line profiles. However, the calculated profiles imply uncertainties, so we do not use our line-profile fitting procedure to determinė M, but only to estimate the parameter β.
D I S C U S S I O N
In this section we briefly discuss some properties of the investigated mass outflow in CH Cyg, which are connected with our simplified model.
Comparison withṀ determined in the radio
Here we compare our Hα mass-loss rates with those obtained from radio observations. From the 1984 radio images, Taylor for a distance of 400 pc. Their estimate is based on the appearance of an additional emission component at a time <75 d (between 8/11/84 and 22/1/85). Its size and particle density then yield its mass. As this estimate is distance dependent withṀ ∝ d 1/3 , the distance of 270 pc reduces it toṀ > 2.2 × 10 −6 M yr −1 . From the radio data obtained in 1992 and 1993, Skopal et al. (1996b) inferred an expansion velocity of (3000 ± 400) × D kpc km s −1 and a mass-loss rate ofṀ = (7.8 ± 1.2) × 10 −6 M yr −1 for d = 400 pc, which scales toṀ = (2.8±0.4) × 10 −6 M yr −1 for d = 270 pc. This very good agreement between both independent findings of the mass-loss rate in CH Cyg demonstrates the reliability of our approach. This is important, because radio mass-loss rates are less model dependent than the Hα method. In the former case we observe the ejected material at very large distances from the star (from a few 10s of au to ≈1000 au), where a constant expansion velocity can be reliably assumed. On the other hand, in the latter approach we are dealing with regions at distances of a few R to, at maximum, a few hundreds of R , the emissivity of which critically depends on the velocity law, whose structure, however, has to be assumed. In principle, high-resolution Hα spectroscopy could yield density and velocity information (Olson & Ebbets 1981) , but it requires a precise synthetic-line profile fitting that is quite ambiguous (Leitherer 1988).
Mass loss as a transient phenomenon
The high-velocity mass loss in CH Cyg is connected only with the active phases of type (1). This is suggested, for example, by the evolution of the radio light curves presented by Kenny et al. (1996) for the period 1984 April to 1995 August. Also the mass flow during type (1) activity correlates with the star's brightness in U. A dependence of the Hα luminosity on the level of U magnitude, which is considered to measure the activity in the system, was shown by Bode et al. (1991) for the period of 1986 to 1990. The brighter the system, the higher the Hα emission. A correlation of the same type, but for the radio emission, can be easily deduced from 1986 to 1999 VLA images presented by Crocker et al. (2001) . On the other hand, during the maximum of the star's brightness (type 2), the radio flux was very low (see fig. 1 of Taylor et al. 1986) , which is in agreement with the fact that no significant mass outflow could be identified in the optical.
Irregular mass loss
According to numerous spectroscopic observations made in the optical, the mass outflow in CH Cyg was highly irregular. Only during 1984.6-87, a more or less continuous flow with a decreasing trend of terminal velocity and the amount of emission, was detected (Hack et al. 1988) . A typical feature of the irregularity in the mass outflow during 1992-95 and 1998-00, was a sudden emergence of a (strong) blueward shifted absorption propagating in the emission wing to ∼ −1000 km s −1 on a time-scale of days (Fig. 3 Tomov et al. 1996; Skopal et al. 1996b) . As a result the profile has a complex emission/absorption structure, which does not allow one to apply easily our simplified model. For example, it is very difficult to determine the total emission from the wind only (see e.g. Fig. 3 right panels), and mainly, the height above the pseudophotosphere, where the mass flow becomes optically thin (i.e. the parameter r min in our model). Therefore we had to select a spectrum with a simple broad emission as was observed, for example, on 5/9/1998 in which parameters of the model (Section 3.1.3) and the flux of the wind component of radiation can be determined. From this point of view, the derived mass-loss rate in 1998 represents an average value for this active phase.
In some cases we observed absorptions redward of the reference line as a counterpart to their more pronounced blueward absorptions (Fig. 3) . The inflow of matter could possibly be a result of the wind compressed disc creating around mass losing rapidly rotating stars (Bjorkman & Cassinelli 1993) . In such a model there is a stagnation point in the disc where the radial flow is zero. In the inner region in the disc, below the stagnation radius, material re-accretes back on to the star (Owocki, Cranmer & Blondin 1994) . This interesting feature of the CH Cygni phenomenon is worthy of a detailed analysis in a future paper.
Deceleration of the ejected material
A deceleration of the ejected material in CH Cyg is evident from comparison of the optical and radio observations. At optical wavelengths we observe terminal velocities around 3000 km s −1 , while the evolution of the ejecta in radio maps suggests an expansion velocity of 1000 km s −1 as we noted in Section 4.1. Generally, this effect results from interaction of the flow -originally accelerated to ≈3000 km s −1 at a distance of ∼100 R -with the interstellar medium at distances of hundreds of au that decelerates it to about 1000 km s −1 (as was observed in 1984-5 and 1991-93) . Later, in the HST optical image taken on 1/10/1999, Corradi et al. (2001) found that expansion velocities could be as low as ∼100 km s −1 . In both periods (1984.6-85, 1998-00) the flow is accelerated to approximately the same v ∞ (Fig. 3) , but decelerated to different values. As the position of the system with respect to the observer (i.e. the orbital phase of the outer binary, ϕ) is practically the same in 1984-85 and 1999 (ϕ ∼ 0, see position of eclipses in the outer binary in the light curve in Fig. 1 ), this cannot be due to a different projection of the flow to the sky. The effect of an increasing deceleration thus probably results from the density increase in the decelerating medium around CH Cygni. As time progresses the amount of material swept up by originally freely expanding wind increases and the momentum of the wind cannot drive the shell in front of it to such high speed. Thus the shell slows down (Castor, McCray & Weaver 1975) . However, a quantitative model to determine the velocity, density and temperature structure of the ejected material as a function of the radial distance is needed to elaborate to understand better the CH Cygni ejecta given by the observations of Crocker et al. (2001) , Corradi et al. (2001) and Eyres et al. (2002) .
C O N C L U S I O N S
(i) We have summarized basic characteristics that are common for active phases during the whole observed symbiotic life of CH Cygni. We identified two basic types of activity with respect to the dominance of (1) a mass outflow from and (2) a mass inflow to the central star. According to this scheme, high-velocity outflows dominated the main spectroscopic features of the active phases, 1967-70, 1984.6-88, 1992-95 and 1998-00 , while during the maximum in 1977-84.6, they reflected a mass infall.
(ii) On the basis of the Hα emission, we derived mass loss from the active star during the period after the radio jets' appearance (1984.6) to the time of the most recent activity (1998-00). Based on a simple expression, which relates the observed Hα luminosity to the mass-loss rate, we obtainedṀ = 4.4 ± 1.5, ≈2.0 and 1.8 ± 0.7 × 10 −6 M yr −1 in 1984 October, 1992 August and 1998 September, respectively. Our values agree well with mass-loss rates derived from radio observations.
(iii) Mass loss from CH Cygni is a transient effect connected only with active phases of type (1), and it is highly variable.
(iv) Our optical spectroscopy revealed that the ejected material was accelerated approximately to the same terminal velocity, v ∞ ≈3000 km s −1 , during all investigated periods (1984.7, 1992.6, 1998.7) . On the other hand, radio and most recently also the HST and ground-based optical images suggest velocities up to one order of magnitude lower. 3 ± 0.1/8.6 ± 1.8 6.8 ± 0.1/7.5 ± 0.7 4.5 ± 0.2/28 ± 5.1 1, 2 11/08/92 48 846 8.1 ± 0.2/2.5 ± 0.5 8.9 ± 0.2/2.0 ± 0.4 8.2 ± 0.1/2.1 ± 0.2 5.2 ± 0.2/13 ± 2.5 3, 4 05/09/98 51 063 8.1 ± 0.2/2.5 ± 0.5 8.5 ± 0.2/2.9 ± 0.5 7.8 ± 0.2/3.1 ± 0.5 4.8 ± 0.2/21 ± 3.9 5, 6
References: (1) Bode et al. (1991) , (2) Mikolajewski, Mikolajewska & Khudyakova (1990) , (3) Taranova, Yudin & Kolotilov (1995) , (4) Mikolajewski et al. (1996) , (5) Skopal et al. (2000) , (6) Mikolajewski & Leedjärv (1998) . Figure A1 . Spectrum of CH Cygni on 5/9/98 calibrated to the nearlysimultaneous broad-band UBVR photometry. The solid line represents the calculated continuum.
First, we summarized photometric observations from the literature carried out (nearly) simultaneously with the spectrum under consideration. Then we converted the observed magnitudes to fluxes according to the calibration of Henden & Kaitchuck (1982) . No reddening was applied (Section 4.1 of Skopal et al. 1996b) . Table A1 gives the UBVR calibration for three dates, at which we estimate the mass-loss rate. Second, we determined the star's continuum by fitting the UBVR fluxes with a 3-order polynomial function. Finally, we scaled the measured spectrum to this fit and thus obtained it in units of erg cm −2 s −1Å−1 . Fig. A1 shows an example of such a calibrated spectrum from 5/9/1998. According to this method the uncertainty in the Hα flux is therefore essentially limited by that of the R-band flux. The fluxes listed in Table A1 represent average values of photometry taken around the spectroscopic observations, because no exactly simultaneous photometric observation was available. We can see that the uncertainties do not exceed about 25 per cent in R. As the signal-to-noise ratio of our high-resolution spectra is about 100, (or larger for the CCD spectra), we did not consider their intrinsic uncertainties, which probably amount to only a few per cent.
A P P E N D I X B : I N F L U E N C E O F T H E L AT E -T Y P E S P E C T RU M O N T H E H β A N D H α P RO F I L E S
Here we comment on the influence of the late-type spectrum of CH Cygni on the Hβ and Hα profiles taken in 1992 August and 1984 October, when its contribution was most pronounced (see Fig. 3 ). This is important mainly to determine the wide emission wings supposed to originate from the hot star wind. Figure B1 . Spectral energy distribution of CH Cygni represented by the broad-band optical and infrared UBVRI and JKLM photometry for three dates, at which we estimate the mass-loss rate. A synthetic spectrum of T eff = 2600 K matches the UBV fluxes of the red spectrum (cf. table 6 of Skopal et al. 1996b ) and the observed fluxes in I, J and K bands. An emission excess in L and M bands is due to dust (Taranova & Shenavrin 2000) . The synthetic spectrum was selected from a grid of cool giant spectra shown by Hauschildt et al. (1999) and infrared photometry from the data published by Taranova & Yudin (1988) , Taranova & Shenavrin (2000) and references in Table A1 .
First, we matched the UBV fluxes of the red spectrum and the observed fluxes in the I, J and K bands by a synthetic giant's spectrum of T eff = 2600 K (see Fig. B1 ). However, the situation is very complicated due to the large variability of the giant's spectral type (from M5 to M7-8; e.g. Bode et al. 1991) and/or dust emission in the system depending on the activity (e.g. Taranova & Yudin 1988; Taranova & Shenavrin 2000) . As a result, it is not possible to select a synthetic spectrum which fits all the observed broad-band photometric fluxes. Therefore our comparison represents only an average spectral energy distribution for the considered three observing epochs.
Secondly, we compared the theoretical spectrum around Hβ and Hα lines to observations. Fig. B2 shows the Hβ region. An apparent gradient of the continuum of the giant between TiO 4755 and TiO 4952 makes the observed continuum level on the red side of Hβ higher than on the blue side. Such influence of the M spectrum makes it difficult to fit the broad emission wing of Hβ during the 1992 active phase (Section 3, Table 2) . Fig. B3 then shows comparison of the synthetic spectrum with our observation on 4/10/84 in the region around Hα. It is evident that extended emission wings of the Hα line of the active component are present. However, it is not possible to disentangle its contribution from the late-type spectrum, because of uncertain calibration of the synthetic spectrum as mentioned above. The symbiotic star CH Cygni -IV 1119 This fact enlarges the uncertainty of our flux determination by a (symmetrical) Gaussian function by about 20 per cent.
A P P E N D I X C : T H E O U T E R R A D I U S O F T H E W I N D E M I S S I O N R E G I O N
In this Appendix we demonstrate a dependence of the wind emission on the radial distance r. This is important to determine the outer radius of the wind contributions to integrate equation (11).
As the emission contributions to the line are proportional to the radial distance as r −2 , contributions to the total line flux are a strong function of the radial distance. Fig. C1 shows the line fluxes as a function of the r min radius calculated according to equation (11). This shows that about 99 per cent of the wind emission in the optical comes from regions in between the distances 8 and 150 R . In this way we clarify our statement in Section 3.1.3 on a finite outer radius of about 200 R , beyond which emission contributions are negligible.
